The introduction of skin substitutes in the last decade has dramatically changed how we think about the concept of "non-healing" wounds. Their use has improved prognosis and reduced morbidity in the treatment of open wounds. This article aims to summarize the development of tissueengineered skin substitutes, discuss their use, and highlight some specific applications in different clinical settings.
Introduction
Considered the largest organ, the skin provides sensation, thermal, and blood pressure regulations; acts as a barrier against chemical, mechanical, and infectious insults; and prevents dehydration from evaporative water loss [9] . Designing skin substitutes that posses all of these properties has taken a great deal of research and development. The detailed understanding of acute wound healing has allowed for engineered skin substitutes to be tailored toward this goal and therefore significant progress has been made in the development and clinical use of these products. The defining moment in culturing skin was in 1975 when Rheinwald and Green successfully grew human keratinocytes [52, 53] . This breakthrough enabled O'Connor [47] and coworkers to resurface the first burn defect with cultured autologous epithelium in 1981.
When dealing with open or chronic wounds, the choice of coverage is dictated by the nature of the defect. In general, only in severe burns is there a shortage of only autologous skin. In other defects resulting from trauma, chronic ulcers, postoncological resection, and other causes, the problem is usually a deficiency of the deeper structures and the skin. As an alternative source of coverage, various skin substitutes have been developed to aid in these cases. All tissue-engineered skin substitutes need to comply with three major requirements. They must be safe for the patient, be clinically effective, and be convenient in handling and application [38] . In addition, an optimal skin substitute should have the following features: ability to resist infection, ability to prevent water loss, ability to withstand the shear forces, cost effective, widely available, long shelf life, lack of antigenicity, flexible in thickness, durable with long-term wound stability, conformability to irregular wound surfaces, and ease of application [57] .
Development of skin substitutes has decreased complications associated with skin grafts such as donor site availability, immune rejection of allogenic skin grafts, pain, scarring, slow healing, and infection [35] . In addition, the use of skin substitutes has revolutionized the care of burn patients and may be lifesaving in severe situations. In general, skin substitutes have a potentially important role in the treatment of a wide variety of wounds in different clinical scenarios as a temporary or permanent means. Materials used for wound coverage (e.g., Biobrane® , Dermagraft® , and Apligraf® ) are primarily indicated for superficial burns, where they provide a barrier against infection, control water loss, and create an environment suitable for epidermal regeneration. Materials intended for definitive wound closure (eg. Alloderm® , Integra® , and Epicel® ) restore the epidermal barrier and become incorporated into the healing wound. Anatomically, skin substitutes may be composed of dermis layer, epidermis layer, or combination of both. Histologically, skin substitutes stimulate the host to produce a variety of cytokines and growth factors that promote wound healing [17] .
The last few decades have seen a multitude of products released into the market to help with all facets of managing soft tissue injuries. These products range from purely synthetic compounds to both cellular and acellular materials derived from human and animal sources. They may be temporary or permanent, and they may function alone or work by altering the body's own healing capabilities. With so many choices, it can be challenging to select the "proper tool for the job." Here, we present several of the products on the market that have been employed in our practice.
Indications/Contraindications

Synthetic Products
Biobrane® (UDL Laboratories Inc., Rockford, IL) is a synthetic wound dressing consisting of a silicone film bonded to a knitted nylon mesh coated with porcine collagen/polypeptides. The fabric is a three-dimensional structure that allows blood clot into the matrix and firmly adhere the dressing into the wound until epithelialization occurs. The silicone acts as a semipermeable epidermis that allows for drainage. It is transparent, allowing for direct wound visualization, and has elastic characteristics that allow it to promote motion. A Biobrane® glove can be utilized to help cover hand wounds and burns. It can be applied to any wound that has been appropriately prepared and debrided of nonviable tissue. It can be used to temporarily cover superficial and mid-dermal wounds or as a protective covering over autografts [51] . As the wound heals, the Biobrane® should be trimmed away [22] .
Multiple studies have evaluated the efficacy of Biobrane® [5, 12, 18, 32, 33, 60] . Barret et al. prospectively compared the use of Biobrane® with 1 % Silver Sulfadiaxine in the management of partial thickness pediatric burn patients [5] . Ten patients were included in each group and outcome measures included pain, requirement of pain medications, length of hospitalization, rates of healing, and complications. Pain, length of hospitalization, and rate of healing were all superior in the Biobrane® group. No cases of infection were noted in either group. Gerding et al. also examined outcomes between Biobrane® (N =30) with Silver Sulfadiaxine (N =26) prospectively [18] . The Biobrane® group fared better in pain, time to healing, and compliance with follow-up care. The average time to healing was 10 days in the Biobrane® group versus 15 days in the Silver Sulfadiaxine group. In addition, a cost analysis revealed the average cost to be $434 for the Biobrane® group versus $504 in patients treated with Silver Sulfadiaxine.
Cassidy et al. examined treatments between Biobrane® and Duoderm® [12] . The authors prospectively randomized pediatric patients with intermediate thickness burns treated with Biobrane® (N =35) and Duoderm® (N =37) with an average follow-up of 17 days. Time to healing and pain scores were not significantly different between groups. The Biobrane® was more expensive and the authors concluded Duoderm® should be considered a first-line treatment for intermediate thickness burns in children. Ahuja and Datiashvili described the use of Biobrane® for coverage of wounds with exposed critical structures such as exposed anastomoses of vessels, nerves, and tendons [2] . The authors described its use as an intermediate coverage in five wounds: four replant wounds and one microsurgical reconstruction. All went on to heal without complications.
We have had success using Biobrane® in our upper extremity practice to help create an underlying granulation bed suitable for skin grafting. Biobrane® should only be applied to freshly debrided, clean wounds free of wrinkles with the fabric side lying directly on the wound. The product is sutured, stapled, or taped into place, covered with a compressive dressing and immobilized using a splint for a total of 7-14 days. The wound should be checked every 2-3 days to ensure adherence of the product without complication. When the wound is completely covered with fine granulation tissue, the Biobrane® is removed carefully and the subsequent wound covered with a skin graft.
Transcyte® (Advanced Tissue Sciences, Inc. La Jolla, CA) is a synthetic temporary wound coverage product that is composed of newborn human fibroblast cells cultured on a porcine-coated collagen nylon. It also has a semipermeable silicone membrane. It is indicated for coverage of excised burns prior to autografting or partial thickness burns that do not require grafting [51] . It is typically applied with surgical wrap or adhesive and peels away as the burn wound heals. Noordenbos et al. compared results of Transcyte® and Silver Sulfadiazine for partial thickness burns [46] . The authors performed a prospective analysis on 14 patients and found that the Transcyte® -treated wounds healed more rapidly (11 vs. 18 days). In addition, when measured by the Vancouver Scar Scale, the patients treated with Transcyte® had less hypertrophic scarring compared to those treated with Silver Sulfadiazine. Kumar et al. compared Transcyte®, Biobrane®, and Silver Sulfadiazine in a prospective randomized fashion [32] . Fifty-eight wounds in 33 patients were treated and 20 were treated with Transcyte®, 17 with Biobrane® , and 21 with Silver Sulfadiazine. The investigators found that the average time to re-epithelialization was 7.5 days for Transcyte®, 9.5 for Biobrane®, and 11 days for Silver Sulfadiazine. In addition, Transcyte®-treated wound required the least number of autografts. The authors concluded that Tanscyte® was superior to the others.
Acellular Products
Acellular skin graft substitutes are readily available and include Integra® (Integra LifeSciences, Plainsboro, NJ), Permacol® (Tissue Science Laboratories, Inc., Andover, MD), Matriderm® (Dr. Suwelack Skin and Health Care AG, Germany), EZDerm® (Brennan Medical, St. Paul, MN), and OASIS® (Healthpoint Ltd., Fort Worth, TX).
Integra® is a bilayer membrane that is made of primarily collagen derived from bovine tendons and a small percentage of chondroitin-6-sulfate (from shark cartilage). It is a threedimensional matrix that allows for the patient's own cells and tissues (fibroblasts, lymphocytes, macrophages, and capillaries) to migrate into it and incorporate over a 2-3-week period. It can be packaged with a silicone protective sheet or alone. In addition, there is a meshed form that is now available that precludes the need for "pie-crusting." It is designed to cover full thickness wounds and can be placed directly over critical structures such as nerves, arteries, small areas of bone, and tendons. Autografting with split thickness skin can be applied onto the Integra® following incorporation, which is typically 2-3 weeks post-application. Topical negative pressure wound therapy (NPWT) has been shown to accelerate neogenesis and decrease the "take" time for the Integra® [41] . Clinical evaluation of the skin 2 years following application has shown excellent patient satisfaction with respect to softness, mobility, and appearance. Histological analysis has shown an absence of adnexal structures, whereas collagen and elastin fibers were universally present [40] .
Integra® has been used extensively in burn patients where significant wound coverage is often necessary [26] . Because of the intricate anatomy and delicate balance of structures in the hand, Integra® has shown promise in treating patients with upper extremity skin defects. Unlike split thickness skin grafts, the neo-dermis that forms with Integra minimizes migrating fibroblasts and results in less wound contracture and adhesions to the underlying structures and thus allows for better tendon gliding [16] . In addition, a non-meshed skin graft can be applied to the Integra® to ultimately provide a more cosmetically appealing result.
Weigert et al. retrospectively reported outcomes with the use of Integra® for traumatic hand wounds in a series of 15 cases [63] . All of the wounds were associated with bone, joint, and/or tendon exposure and the follow-up intervals ranged from 10 to 37 months. Skin grafting was performed at an average of 26 days following application of the Integra. Thirteen of 15 resulted in a successful cosmetic and functional outcome. Multiple case reports of its use in hand surgery have also been published [11, 27, 29, 42, 44, 64] . Carothers et al. described stacking of Integra® to cover a palm wound following tumor resection [11] . It has been successfully utilized in coverage for Apert's syndactyly reconstruction [29] and it can be used to cover donor site defects for major flaps or tissue reconstructions [21] . Moreover, Azzena et al. described a case where Integra® was used to help provide coverage for a degloving injury of the hand [3] .
Complications with Integra® are rare, but the most common is loss or partial loss of the dermal substrate. This is most often due to excessive motion between the graft and wound bed or infection. Heimbach et al. noted an overall infection rate of 3.1 % in their series and observed that it was the most common reason for reduced take [25] . Care should be taken to ensure that the wound bed is free of contamination prior to placement of Integra®.
We have significant experience using Integra® in our upper extremity practices and it has proven to be a valuable tool that is straightforward to use. Important to the use of Integra® is preparing the wound for coverage as it must be free of debris and infection and have a suitable bed to receive the product. Achieving this usually included serial debridements and the use of negative pressure dressings. For most cases, we have utilized the Integra® Bilayer wound matrix. It requires 1-2 min of product preparation by soaking it in saline. Surgical gloves should be changed prior to product handling and application. The matrix is then cut to size so that no more than 1-2 mm of matrix overlaps healthy tissue and is then affixed to the wound with sutures or staples insuring there are no gaps between the graft and the underlying wound. The silicone layer is placed superficial to the wound. If a large area of coverage with associated large matrix product is used, the graft may be pie-crusted to allow drainage. Alternatively, a pre-meshed graft may be used for large defects. A compressive dressing or NPWT dressing should be applied over the matrix along with splint immobilization of the recipient site. The need for NPWT dressing is based on the size and depth of the wound and also the type of Integra matrix used. Larger wounds, with deeper, more concave morphologies, and those that require multiple layers of matrix graft benefit from NPWT treatment. The matrix requires 2-3 weeks to mature prior to skin graft coverage. Figures 1 and 2 demonstrate two cases in which Integra® was successfully used in complex wounds of the upper extremity.
Matriderm® is composed of bovine dermis coated with elastin. It is 1 mm thick and composed of types I, III, and V elastin. While it is not available in the USA, it has readily been used in Europe. It is designed to cover wounds in a single stage procedure, usually combined with a thin split-thickness skin graft. Haslik et al. described their experience with the use of Matriderm® for coverage of 17 patients with hand and wrist wounds [23] . All wounds were associated with exposure of critical structures. The overall take rate was 96 % and patient-related outcomes were excellent with no limitations concern hand function. Heckmann et al. reported a series of ten patients who underwent treatment of bone or tendonexposed wounds with Matriderm® [24] . Nine of ten healed without the need for further reconstructive intervention. However, the authors concluded that functionality is not superior to traditional flaps for skin coverage. Cevelli et al. compared the use of Matriderm® with skin grafting versus skin grafting alone and noted more rapid re-epithelialization in the Matriderm® plus skin graft group at 2 weeks following Fig. 1 A 26 -year-old male sustained an injury using a saw circular saw. a) Injuries included a distal phalanx fracture of the thumb and index finger. In addition, there was a 2-cm nerve gap associated with the index finger injury. b) After irrigation and debridement, nerve graft conduit, percutaneous pinning. Integra® was applied and covered with a compressive dressing. c) Two weeks following Integra® application. d) Splitthickness, meshed skin graft application harvested from proximal forearm. e, and f) Two months following skin graft application Fig. 2 A 48 -year-old male sustained this injury while cutting a tree at work. a) The sharp end of the branch impaled the ulnar aspect of his arm. The patient sustained segmental loss of the median nerve measuring 8 cm, severe contusion of his ulnar nerve, a comminuted ulna fracture, and extensive muscle and tendon damage. This patient underwent multiple irrigations and debridements and was subsequently covered with a negative pressure dressing. b) Integra® application. Two weeks following Integra® application, a split-thickness skin graft harvested from the ipsilateral thigh was applied. c) Two weeks following skin graft application. d) Eight weeks following skin graft application showing good healing of the skin graft application [14] . In addition, the quality of the scar was better in the Matridem® -treated group. These results were reiterated in a study examining the use of Matriderm® with skin grafting for burn wounds over the dorsum of the hand [55] . Schneider et al. compared Integra® with Matriderm® in a rat model [56] . Both groups were treated in a two-stage procedure and speed and quality of vascularization was assessed. The found no major differences in rate and quality of vascularization and epithelialization.
Permacol® is a bovine-derived isocyanate collagen crosslinked skin substitute. It is 0.75 mm thick. Macleod et al. examined the use of Permacol® in a rat study and compared it to small intestine submucosa and glycerol-treated ethylene oxide sterilized porcine dermis [37] . The grafts were graded based on degree of acute and chronic inflammation, fibrosis, and stromal response. In addition, vascularity and degree of collagen ingrowth were assessed at 20 weeks postimplantation. The authors concluded that Permacol® was well tolerated in terms of inflammatory response, but the degree of vascular ingrowth was limited. In addition, they concluded that Permacol® had promise, but may benefit from modification to promote a more rapid degree of vascularization. Permacol® has also been utilized as an interposition graft following trapeziectomy in the treatment of basal thumb arthritis. Belcher and Zic performed a comparison study between trapeziectomy alone versus Permacol® interposition [6] . Regrettably, the study had to be aborted due to adverse patient reactions in 6 of 13 cases treated with Permacol®. Three implants had to be removed and histology revealed significant foreign body reactions. The group treated with Permacol® interposition had more pain and less satisfaction compared to trapeziectomy alone. The ideal use of Permacol appears to be for deep structural replacement such as in hernia repair.
EZ-Derm® (Brennen Medical, St Paul, MN) is a processed dermal porcine graft. It can be stored at room temperature and has a shelf life of about 18 months [36] . While it does not become vascularized, it can promote epithelialization by acting as an epidermal barrier. Still et al. reported that its use resulted in decreased hospital stays in the treatment of burn patients [59] . However, over time, the pigskin dries out and can get hard. As a result, it may deleteriously affect function and range-of-motion during the healing process.
OASIS® (Healthpoint Ltd, Fort Worth, TX) is derived from porcine small intestine (jejunum) submucosa (SIS). The serosa, smooth muscle, and mucosa are removed during processing, and the tissue is rendered acellular leaving a scaffold of collagens types I, III, and V, glycosaminoglycans, fibronectin, proteoglycans, and growth factors including TGF-β and FGF-2). It is available in a lyophilized dry formulation or a moist (hydrated) formulation and has the advantage of having a long shelf life [7] . One randomized controlled multicenter series investigated use of OASIS® with compressive therapy versus compressive therapy alone for wound healing of chronic leg ulcers [6] . After 3 months, 55 % of ulcers healed with OASIS® treatment versus 34 % of those treated with compression alone [43] . It is suggested that the biochemical and structural nature of this material promotes tissue specific remodeling. One mechanism for this may be the retention of bioactive growth factors in the matrix from the donor porcine submucosa [39] ; another appears to be absorption and incorporation of growth factors from the host wound and serum into the matrix, creating a more favorable environment for wound healing [45] . According to the manufacturer, OASIS® wound matrix is indicated for chronic wounds (diabetic, pressure, venous stasis), burns, trauma, surgical wounds, and full or partial thickness wounds. It is contraindicated in those with a history of reactivity to porcine products or third-degree burns [7] .
This wound matrix is available in two formulations: as a single layer of SIS (OASIS® ) and as a triple SIS layer formulation (OASIS® Ultra Tri-Layer Matrix) for more challenging wounds. Application instructions per the manufacturer start with wound bed preparation that must be debrided of exudates or devitalized tissues. Bleeding is minimized. OASIS® is applied to the wound such that the entire wound is covered with a slight extension just beyond the wound margins. The matrix is anchored to the adjacent skin with tapes, sutures, staples, or tissue sealant, and subsequently rehydrated with application of sterile saline. A nonadherent dressing is applied over the wound and changed at day 7. After 7 days, the wound is reassessed and if needed, subsequent applications of OASIS® may be entertained. An exudate gel typically forms and appears as a caramel colored or off-white gel; this should be retained at serial wound inspections, as it is part of the healing response.
MatriStem® (ACell®, Lafayette, IN) is a biologic composed of porcine urinary bladder tissue. The product is sterilized with electron beam radiation and processed into a noncrosslinked acellular matrix scaffold. The structure has an intact basement membrane surface and a lamina propria surface. It is indicated for partial and full thickness wounds, pressure ulcers, diabetic ulcers, vascular and venous ulcers, surgical wounds, and traumatic wounds. It is contraindicated in those with sensitivity or allergies to porcine tissue and those with third-degree burns. It is provided in a lyophilized and dehydrated sheet form, and is rehydrated in saline. The wound is prepared by removing necrotic tissue or exudates and freshened about the edges. The wound is then covered with the sheet material and then by a non-adherent dressing followed by an absorptive dressing such as calcium alginate. A hydrogel dressing is then applied to maintain moisture at the wound site. The wound is then inspected every 7 days and a new sheet of MatriStem® applied if needed. The material will turn a caramel color as it is incorporated into the host wound. An alternative formulation is the MatriStem® MicroMatrix, which is a powder formulation which may be sprinkled on the wound. Application of these materials to wounds is believed to promote angiogenesis and cellular recruitment and differentiation to the injury site [4, 19, 20] . To date, published human series are lacking.
Alloderm® (AlloDerm; LifeCell Inc., Branchburg, NJ) is marketed for wound care while Graftjacket® (Wright Medical Technology, Arlington, TN) is licensed for musculoskeletal applications. This material is harvested sterilely from human cadaveric skin, undergoes proprietary processing to remove the epidermis and cellular components, and then freeze-dried [7] . Because cellular components are extracted, it is believed that immunological response is less likely. Although Alloderm® has little function as a barrier, it is intended to serve as a template for native cellular ingrowth for dermal regeneration. It may be used in a one-stage process in which the Alloderm® is applied followed by application of a thin split-thickness skin graft; results suggest that the wound contracture of such constructs is similar to that seen in a thicker split thickness autologous skin graft. Alternatively, it may be used without skin grafting [28, 34, 58, 61] . It became the first available humanderived dermis product in 1994 and was originally indicated for burns; today its use has expanded into wound coverage, head and neck reconstruction, breast reconstruction, and abdominal wall and organ reconstructive purposes [15] .
Alloderm® Regenerative Tissue Matrix was previously thought to require refrigeration; however, the manufacturer now states that no adverse effects upon graft performance were noted after exposure to −30°C for 10 days and 60°C for 45 days. After opening the package, the product requires rehydration in warm saline until the material becomes supple. Following rehydration, the material must be used within 4 h. A related product which has become recently available is Alloderm® Regenerative Tissue Matrix (RTM) Ready to use; this product is terminally sterilized (unlike the prior product) and does not require rehydration nor refrigeration. It is available in a variety of thicknesses and sizes (0.23-3.30 mm thick, and 4×12 to 15×20 cm) [15] .
The product has an up-down orientation with a dermal side, which is smooth and does not absorb blood and a basement membrane side, which is rough and dull in appearance and absorbent [1] . The manufacturer recommends orienting the basement membrane side towards the integument cavity with the dermal side out if primary closure is to be employed. If primary closure is not used or for coverage of an avascular bed, the dermal side should be placed towards the more vascularized surface with the basement membrane side exposed. The matrix can be then sutured in place under some tension. Contraindications for use include sensitivities to several antibiotics listed on the packaging or Polysorbate 20, as these are used during processing or buffering of the product [15] . As this is human-derived tissue that is harvested sterilely and not terminally sterilized, risks include disease transmission or infection. The tissue is handled in compliance with FDA and state mandates, as well as according to the standards of the American Association of Tissue Banks. Serological screening is performed to assess for HIV, hepatitis, and syphilis. In addition, the processing that removes cellular components is believed to decrease risk of disease transmission. In the breast literature, it has been suggested that use of Alloderm® in association with breast reconstruction results in a higher complication rate (seromas) although no higher loss of tissue expanders and is accompanied by an improved cosmetic result [10, 31, 49, 50] . Likewise, satisfactory results have been seen in applications in which AlloDerm® is used instead of split-or full-thickness skin grafting [30, 54, 58, 62] .
Cellular Skin Substitutes
Cellular skin substitutes contain living cells, often fibroblasts and keratinocytes embedded in a collagen or polygalactic scaffold to recreate epidermal and dermal skin layers. The realm of cellular epidermal products consists of culturing autologous skin cells to create sheets of epidermis that may be applied as a skin graft. These products such as Epicel® (Genzyme Corporation, Cambridge, MA) and EpiDex® (Euroderm, Baden, Switzerland), and Apligraf® (Organogenesis Inc., Canton, MA) are useful in cases where healthy donor skin may be limited as in the case of severe burns.
Epicel® is the only cultured epidermal autograft that meets FDA guidelines for safety, quality, and manufacturing. Epicel® is manufactured using donor autologous dermal cells and at some point during the process is combined with residual amounts of murine cells. Hence, the FDA considers Epicel® a xenotransplantation product. It is marketed as a humanitarian use device. It is indicated for severe burn patients who have deep or full thickness burns covering ≥30 % of the total body area. To date, the effectiveness of Epicel® has not been proven in clinical studies. Therefore, long-term safety data is not available.
EpiDex® is a product derived from autologous cells obtained from the outer root sheath of the patient's hair follicles. The cells are cultured and cultivated and subsequently delivered to the treating physician in the form of a package containing six discs, each 1 cm diameter. A single package is able to treat a wound of 10 cm 2 . The EpiDex® Swiss Field Trial [48] demonstrated the efficacy of EpiDex® to treat intractable leg ulcers that did not heal by conventional wound care methods. By the end of the study, EpiDex® successfully and completely healed 74 % of the leg ulcers. Moreover, the EpiDex® treatment was more cost effective than traditional skin grafts. The authors concluded that EpiDex represents a good alternative to inpatient split-skin mesh treatments.
Apligraf® (Organogenesis Inc., Canton, MA) is the only living, bilayered cell-based product that is FDA approved to heal both diabetic foot ulcers [8] and venous leg ulcers [13] . The lower dermal layer combines bovine type I collage and human fibroblasts, which produce additional matrix proteins. The superficial epidermal layer is formed by promoting human keratinocytes to, first multiply, then differentiate to replicate human epidermis. The keratinocytes and fibroblasts are derived from neonatal foreskins.
The aforementioned cellular products are only representative of many products currently available on the market. These cellular options for wound coverage involve cultured epithelial autografts, which have shown to be efficacious when there is a paucity or contraindication to skin graft harvest due to limited donor site availability. These skin substitutes are expensive options that are seem to be relatively unnecessary for isolated upper extremity injuries.
Discussion
In planning wound coverage in the upper extremity, efforts should include use of the safest and least invasive methods with a goal of achieving optimal functional outcome. The recent development of advanced technology in wound healing has triggered the use of skin substitutes to improve wound healing conditions, in addition to the more traditional methods. When considering the reconstructive ladder, skin grafts may not always represent a viable option in the presence of a nonvascularized wound bed, such as exposed tendon or bone, where paratenon or periosteum has been damaged. In addition, despite adequate graft take, hypertrophic scarring with subsequent cosmetic and functional limitations may de *NPWT not to be used over exposed vessel/nerve flaps may not be prudent, as many trauma patients have significant comorbidities or associated injuries that may preclude flap reconstruction.
A variety of artificial dermal substitutes have been produced and used in clinical practice to accelerate wound healing and reduce wound contraction. However, it is unclear which product or product family might be better suited for a given clinical scenario. Furthermore, to our knowledge, there have been no reports integrating the relative values of each product into one cohesive algorithm. This review presents an algorithm for upper extremity wound coverage, based on our experience, and focused on the use of skin substitutes (Fig. 3) . The algorithm assumes reliable vascular status and an infection-free wound.
The decision making process involved in the management of upper extremity wounds is complex but hinges on certain simple principles. Simple wounds are those that do not contain any exposed vital structure (nerve, artery, tendon, bone), as opposed to complex wounds. If the wound is simple, it needs coverage only to keep it moist in preparation for a skin graft. In this case, any of the acellular products will work. For deeper, complex wounds that require stimulation of granulation tissue prior to grafting, dermal regeneration templates or allograft products combined with negative pressure dressing is our choice. If granulation tissue is of marginal viability, then application of allograft skin for 3-4 weeks can help determine if the wound is suitable for grafting, based on adherence of the allograft. Finally, animal allograft products are less cellular hence result in more fibrosis, while human products maintain more cellular components. For hand coverage, maintaining cellular structures and minimizing fibrosis are key, making human products a more favorable option.
Conclusions
Upper extremity injuries can often be complex requiring soft tissue coverage. This manuscript highlights many of the synthetic, acellular, and cellular options available to the upper extremity surgeon to address such injuries. Many products including Integra®, Biobrane®, and Matriderm® are welcomed additions to the armamentarium of the upper extremity surgeon and can serve as adjuncts or substitutions for complex free tissue transfers or skin grafts. Much research is needed to fully elucidate the potential of these new technologies. However, they have clearly and effectively decreased the morbidity associated with soft tissue coverage in the upper extremity.
